Chapter I

General Background

Theophyllinegasaattine de widely used not only as an
chial asthma and other

effective bronchodi -'H’Ma/- catr \
respiratory disease§ buf g / -mw drug for controlling the
symptoms of chronic aStln u s 5 Bandyopadhyay, and

Gupta, 1990 ; Hendelgh, Massananiy, and Weinberger,1991). Its usual

| 7 . the range of 10 to 20 mcg/mL
Comnn ol 19725 M 4 vie, 1973 ; Weinberger and
Riegelman, 1974) ;jlmﬁ“ﬁ'{ii:" A

therapeutic plasma conce

F =
e

Ic range, careful control

ge | mSured to minimize or
eliminate any tnmo:lﬂ'em “might occur. Iﬂ addition, the relatively

short hﬂf_mwmﬁuﬁ E‘J nvenience for patient to

repeatedly take o 1 ‘ osage form, which magbeasﬁ‘equent
=

as i W&Wﬁ H;fq W }E rﬂrﬁ significant

pmm lﬁe made theophylline an ideal candidate for ad?i;istmﬁon as

sustained or controlled-release preparations. The benefits of such dosage
forms are (Buckton, Ganderton, and Shah, 1988) :




(1) to increase patient compliance : a once or twice daily dosage

being preferable to 3 or 4 times a day.

(2) to provide a better control of therapcutic drug level : this results

and Tu, 1991), spray drying

3 Takeuchi, Handa,and Kawahima,

and Danbrow, 195'" ietal e mc . d of manufacture may be

complicated depcndylgiupon the d ired formulation. The example of

such produﬂ u%wnw ﬂ&}pﬁ}@:e sustained-release

tablet) Whl(.‘-h is a combination of coated beads embedded in a slowly
disiniefrding] HID (SRabb mmma @bt granulation
may bc regarded to be a simple and convenient method. In spite of this,
its disadvantages should be taken into account. By comparison with spray
drying, conventional wet granulation may produce less uniform polymer
distribution in the matrix especially when the polymer is highly viscous
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and thus incorporated with low quantity. This result certainly has a direct
effect on the reproducibility of drug release.

Recently, the research team in this laboratory has developed
theophylline sustained ices using two different techniques,
ﬂu:dmed bed coating of drug

@ ethylcellulose polymer as

‘those T ‘.' ducts showed the promising

i.e. spray drying (Vi .,,-. 1997
granules (Sudarat, :
retarding agent. In yiir®
results of the
comparable to the giar

oistaz > drug release which were
“. In this study, theophylline
sustained-release table cpa ‘ J onventional wet granulation would
be developed to obtaj . ‘ “ J 2.8 characteristics and then the
selected formulation fc gﬁ;@% v pthers prepared by spray drying
(Vipaak,1993) and_fl sion Goating (Sudarat,1994) would be
evaluated for thewr relative bioequivalen ces with tivo commercial products,

Theo-Dur® and Nuelin®, in ra m

0 S8 89 BT e v o

purposed { sman and Yamada, 1991). One of these is to test new
fontlafns| i thef iy ol dlfer @W&l ’I«ﬁr&h and effective
manncr Results in animal can be used to aid in selection of the most
appropriate oral formulation and as a guide in the design of controlled-
release dosage forms. The rabbits are used in this study because they are
readily available, relatively inexpensive and easy to house and handle
although they have some physiological differences from humans (Maeda
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et al.,1977 quoting Chiou et al., 1969). In fact, the purpose of this study
is to comparatively evaluate the experimental tablets with reference to
Theo-Dur® which its in vivo characteristics has been thoroughly studied
in human but is not to extrapolate the animal results to be a generalization
of product’s efficacy in human.

ease tablets prepared by

heophylline sustained-release
tablets which providgl constint drig” release over twelve hours by
conventional wet gran .-;,-; i?-,:._"“?T ,and also study the effect of
formulation va.nables mcl ‘_J_- of polymer and channeling

agent, and the e

DIt O OR-MECHINL Ol dl’llg release.
. 3

v_

3. To stJy the bioavailability am pharmacokinetics of

e A o
R A mmum a8 l@eﬂml tablts

themselves and with Theo-Dur® and Nuelin® by statistical analysis of the
relevant pharmacokinetic parameters, Cpay, tmax, and AUC? .

5. To investigate the correlation between the dissolution rate
constant and the bioavailability parameters, Cpax, tmax. and AUC .



Literature 1eWs

1. Theophylline

; &nd theobromine. Although

theophylline presents..

: as well as other natural
sources, it is made g -1/7/ ‘i\\‘\\ otal synthesis.
1.1 Physig¢ochen \\\ er 1975;Swinyard, 1990)

Chemical name imethyl-1H-purine-2,6-dione

Empincal fnrm i i e i L}

Structural fu-rmu]a :
flu 5398 ww‘%ﬁpm
qmmnmw 1Y
Molecular weight ~ :  Theophylline monohydrate 198.18

Theophylline anhydrous ~ 180.17
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Description :  White, odorless, crystalline powder with a
bitter taste. Saturated aqueous solution is
neutral or slightly acid to litmus.

Solubility

Melting range

PK.

Stability

alkaline uhons (pH>12) show

ﬂuﬂhwwwmw s

Precipitation from aqueous selution will occur

A T BNIT) S nedord el ok ] s preseats in

concentrations less than the water solubility.



1.2 Therapeutic and Toxic Effects

For decades theophylline has been recognized as a potent
bronchodilator for the relief of acute asthmatic symptoms. It is also used

as a respiratory shmulant ne-Stokes respirations and as an
adjunct in the tmatme edema More recently it has
been used to p c apnea or bradycardia in

premature ncwho 1 | ent use, however, is as a
major “prophylacti” adeef fortcor :

and pharmamkinéti hé ‘
rapid specific serum afsays haye ed both the efficacy and safety of
this drug. In addition, lwﬁi«a' |
been developed that proyz_@%g#hi T

maintaining around-the -clock stal )

ow-release formulations have
fective and convenient means of
ation of \‘ hyper-reactive airways

that characterize chronic asthm: ' o , 1991).

¢ o /s '

F 4 A T3 i response
theophylline Uis greatly related with its plasma goncentration. the
M&@ﬁcﬂﬁ@&%’]&%’hﬂr&wﬂ airway
nbstmchan is shown to be proportional to the logarithm of the plasma
concentrations over the range of 5-20 mcg/mL (Mitenko and Ogilvie,
1973 ; Levy and Koysooko, 1975). Pulmonary function also improves or
decreases in the manner that is roughly the same trend with the rise and
fall in the plasma concentration (Jenne et al., 1972 ; Simons, Luciuk, and
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Simon, 1982). Inhibition of exercise-induced bronchospasm, a significant
manifestation of asthma, is found to relate to plasma concentration with
clinically important effects most apparent above 10 mcg/mL and even
greater effects above 15 meg/mL (Pollack et al., 1977). Prevention of the
signs and symptoms of chronig Béthma has also been demonstrated when

v llas toxicity of theophylline
are also appeared todh ip {0 plasma concentration. Nausea

and vomiting are th ts. Although these effects
can occur at concentrafiofls as 0 15 meg/mL, they are observed
more frequently at p meonirations exceeding 20 meg/mL (Jenne et

al, 1972 ; Jacobs, Senior, and Kessle 1976). Adverse effects associated

5? 1bili mr amJambs et al, 1976). At
higher plasma leve S‘(l e, > 35 mc%ml,), hyperglycemia, hypokalemia,

hyponsion(aict b i eurs, brain damag

and death ma¥/ occur (Zwillich.et al., 1975.; Hendeles etal., 1977).

’QW’]@\“Iﬂ‘iENﬁJW]’MEI’]\aEI
1.3 Commercial Theophylline Sustained-release Products

There has been a wide variety of theophylline sustained-
release products commercially available today since the first modern one,
Aerolate®, was marketed by Fleming and Co. in 1972-1973 (Shangraw,
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1988). Most of these products have the different composition and release

mechanism. Here, however, is a discussion of some commercial products
available in Thailand.

1.3.1 Nuelin "SR g (Riker Laboratories) :
consists of waxy non-disin gd,_the surface of which is coated

with cellulose acetates=Fhen i g release from tablet solely
undergoes surface ergsiofl (5« ands a.nd Shah, 1988).

n Lab) : This may be

regarded to be one -” mesi oy quie \sustained-release products of

theophylline as it con “xcipients (95 % drug). The patent

Jﬂ
JIJ

describes a granulat Lﬁ DU theuph}rllme with 5§ %
b ’
¢h is. finally lubricated with 0.5 %

hydroxypropyl mcthylcclh_f.l@
mﬂgﬂﬁﬁlum Sied u."u';_-::.., OMDre: - ‘ e, and G’ﬂ.lhﬂﬂ, 198‘4)
Upon exposure to body fluids, | 1 cﬁalymer begins to hydrate

and swell into a ge Pnuus mass. T}%drug will slowly dissolve and then

it e 4e b b A Grion. T adion,

the plate-hkemgeumehy of tablet also results in a gradual change of

surfﬂﬂ manammummmmm rate,

, it was shown in the recent study of Phuriwat (1991) that the
complete in vitro drug release from Quibron® was achieved at only about

6 hours.
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1.33  Theo-Dur® (Key Pharmaceuticals) : This is
certainly the most successful of all the sustained-release theophylline
products. Its relatively uniform release pattern over 12 to 18 hours
together with commercial popularity has made Theo-Dur® the standard
Irelease theophylline products are

mmpared On the nth 3 the most complicated products

coated onto sugar bgad® v} sed in various coatings of

lipid material (glycer¥] aiong aleohol, beeswax) and / or an
acid polymer cellulgé aofafe phifialate. The beads are then blended with
the base which fose as well as excipient and

grating matrix. Drug release
depends on the type ¢ olithe coatings, nature of the tablet
matrix, and also the geqm_@ hatdness of the tablets. In spite of its
complexity, Theodur® has establiched 2 recor s ‘ constant drug delivery,
which is not sub cﬂ)H (Gonzalez and Golub,
1983 ; Shangraw, 19@3

ﬂ‘lJEJ’WIEJV]‘WEJWﬂ‘ﬁ

1.3.4 Theo-24® (Searle Pharmaceuticals) : It is the first

. Pmd@ m&lﬂ &mqmgtl(g ﬁ al-hour dosage

mtmva.l Since its introduction there has been considerable controversy as

to the appropriateness of such a dosing schedule in the regulatory
agencies, the medical community, and the courts, Although the
promotional literature describing the sustained-release pellets (Probeads®)
is quite elaborate, the company does not provide any information on the
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composition of the product or to explain how the beads are designed to
“prolong transit time”. It does appear to be a diffusion controlled coated
bead type product which utilizes either shellac or cellulose acetate
phthalate and which is pH dependent. Subsequent studies have shown

‘ rapid rate when given with food
1988}

than taken on an empty 11‘1‘ e
— _.
— | """"'--.

2. HydroxyprepVidViethy! H..i‘“'k_b:l;"l (¥

that it releases theophylline &

HPMC i3
the basis for hydrophili
HPMC, Methocel EA4L
theophylline sustained-élease table

: : olled-release formulations as
i i thi \»« a high viscosity grade of
#sed a§ refarding agent in the production of

HPMC *is a propylene glycol ether of methyl cellulose. It

s an odorl] e WY 7 Gy R rous or ramtar

powder. It is Yoluble in cold water forming a viscous golloidal solution ;
insoldble iy ldohol et ahd Hﬂﬂo% Vbl %@eﬁn mixtures of
methyl alcohol and methylene chloride. HPMC is very stable in dry
conditions as its solutions are stable at pH 3.0-11.0. The incompatibility
may occur in extreme pH conditions or with oxidizing materials. Human
and animal feeding studies have proved HPMC to be safe (The
Pharmaceutical Society of Great Britain, 1986).
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As described in the USP XXII (1990), HPMC is
classified into four types according to the percentage of methoxy (-OCH,)
and hydroxypropoxy (-OCH,CHOHCHj3) groups after being dried at 105

Table1 Classifics //£ ,\\\\\ ylcellulose

substion Typor 2 AP 05t |\, N Hydrmyropony peren
i % W\\\ Min Max

1828 ' 23.0 320 .
, 2208 4.0 12.0
2906 4.0 7.5
2910%* r 280 | ‘ 7.0 12.0
e the average
deﬁna that of

’Q’W’*ﬂﬂ“ﬁu NW]’J\WEI']QEI

** the commercial example for this type of HPMC is Methocel EAM
which has the viscosity of about 4000 cP.



13

2.2 lications in Matrix T Sustained-release

Formulation

Hogan (1989) has prepared the matrix type sustained-
g different grades of Methocel

mmpressron and investigated
—

ease wanhty of polymer It was
AN

release tablets of some drugs

1 ; eﬁsmn Water continues to
penetrate towards thg tablet core unt'Ut has completely dissolved.

ﬂummmswmm

Y In 1990, Sanghavi, Kamath, and Aminave prepared the
sw@%&@ﬁ%ﬁ%ﬁ&%’}u@nﬂﬂ&ﬁ&m polymers
(mathchellulose, Methocel K4M and K15M) or hydrophobic polymers
(ethylcellulose, cellulose acetate) by means of wet granulation. The result
of increasing Methocel quantity was the same as discovered by Hogan
(1989). Furthermore, it was found that the matrix tablets with only
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Methocel K4M exhibited non-Fickian diffusion whereas those prepared
using Methocel K15M followed zero-order kinetics.

Alderman (1984) also described the prolonged release

the polymer hydrated o ~ ntact Viath*water, controlled the release of
drugs by two m e rwdrugs were released by
diffusion out of the gelatiatus laye | by erosion of the gel, whereas

(1985 a, b, c). They de 7_7-‘;;: e major factor controlling drug
release was the drug : HPMU ratio andfor each of the drugs a straight

R i T GE TN O —

formulation afe as follows (The Pharmaceutical Society, of Great Britain,

o868 WIRNTIIEU mn’nﬂma d

1. Film former in tablet film coating (perhaps the most commonly
used film-forming agent). |
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2. Lower viscosity grades are used in aqueous film coating and
higher viscosity grades are used in solvent film coating. The concentration
varies from 2 to 10 % depending upon the viscosity grade of the polymer.

R

3.

Channeling agent
ﬂumwamwmm

The term “ channeling agent.” has initially been used by

Sanghali 6] al @P9DY It isia ikl of Iighl] watet-Saible substances,

such aquEG 4000, polyvinyl alcohol (PVA), polyvinylpyrrolidone (PVP),
which is able to increase the dissolution rate of slightly soluble drug from
sustained-release matrices when mixing at an adequate quantity. This
may be explained by the rapid dissolution of the channeling agent in the

aqueous medium which consequently forms many pores in the tablet.
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This is equal to an increase of surface area available for the drug to
dissolve. In addition, the soluble drug could be directly released by these
pores as well as the diffusion through the hydrated polymer.

These materials migh

PR . .
1w e )
]

Once the
established, numeroug methods wer
release with solid ora .
Robinson, 1978). Thaag;;ﬁ d

i
L

diffusion, erosiom  chemics

combination theq | and utiliz ral -products (waxes, gelatin,

modified protein) am} gntheﬁc materials (cellulose esters, polymers, ion

cxchane ), by 15 4 S wsd o e the

desired result,q"the process employed to deyelop a prodyct with acceptable

in vitrolchAfactaDés sul éondists of e K lohid ot steps (Leeson

etal., 1985):

(1) Developing one or more formulations which demonstrate a slow
release pattern in vitro.
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(2) Studying the system(s) from step 1 in vivo and evaluating the

resulting plasma level curves.

(3) Accepting a dosage form if it produced what is defined as an

acceptable plasma level c@‘ ////

.-J
(4) Retummg-w %ﬁ:}rm is considered to be
acceptable. / | \

sﬁs would be selected for
further in wvivo evqluahon The vantages of establishing such a

relannnshlpﬁeu 8 w ww&m and safety. For an

in vitro test t&lbe useful in thisscontext, it must predict in, vivo behavior to

such &) et BHF AR LSk Bluodent

In vitro specification such as physical and chemical properties,
stability, water content, disintegration, solubility, and the rate and extent
of dissolution are routinely used as quality and process controls in dosage
form manufacturing. These characteristics are well established, and it is
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tempting to consider that one or more of them may be useful to predict
behavior of the dosage form in the GI tract and its overall absorption
characteristics.

Recently, dissolution as been used as a manufacturing
process standard and is.g " - to be the in vitro parameter
most likely to correlateswith in vivo @imy which is described in
fdn > absarption. Rate of absorption is
reflected in peak dgu gofiéefirations in plasine (Crec) and the times at

{ of b ectedinC,mand also

. Therefore, one has the

quandary as to whicll térm elect in kmg an in vitro-in vivo
f it is achievable, will depend on

e
accurate selection of thc_,w.ﬂ-ijigo arameéter that has the greatest intrinsic
effect on drug absbrntion characteristics Usuaily the in vivo eters
Wi i
Crax and AUC are compared dissotution rate. However, both

1
of these in vivo panameiaers are fun%.’uns of both the rate and extent of

absorption ﬁ:%’@%ﬁ ﬁ‘j%’qcﬁﬁ much by solubility

as by dissolution rate. Thus, depending on the site(s), at which drug is

absorbbd fromitel Gi ekt satiby %%&H@u&w may have

varying cﬂ‘ects on the drug-absorption profile.

In the case of oral controlled-release dosage forms, the
complete plasma level-time curve is of greater importance since the shape

of these curves is critical in defining product performance (Leeson et al.,
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1985). Therefore, relating the in vitro dissolution behavior of a sustained-
release dosage form to the complete plama level curve represents the type
of correlations that would be of interest to both the formulator and clinical
pharmacologist.

uch dosage forms is found to

However, ﬂk |
present additional ﬁ .

slowly in the GI tragi*ByCmploving a
coating, wax matrig d
of these dosage four
dissolution test coul€
dosage forms in the o
for a controlled-release

varying dissolution characier e

Bioavailability stddies should then be conduérbd to establish in vitro-in

(ﬂc , )
% %%%%m the in vitro-in vivo

correlation of theophylline sustained-release formulations. In 1985, El-
Yazaki 4 bawolk MW ‘é}’ila&&lum from six
mmmermal products (three uncoated and three sustained-release
formulations) and also investigate correlations between the data obtained
from the dissolution (e.g. % of drug dissolved in 30, 60 minutes; and
dissolution rate constant) and absolute bioavailability studies in the
rabbit. The good correlations were obtained (r* > 0.9) and can be reliably

vivo relationship
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employed to predict bioavailability parameters from in vitro dissolution

variables.

Another research conducted by Hussein and Friedman (1990)

is a development of five eptal theophylline sustained-release
formulations in a mat at Aath g prntem carrier. In comparison
with Theo-Dur® and*#heotrim' d@ drug release from these

tablets were studied g slected formulations were then evaluated for
their pharmacokingii€s umar |
tested, the regressigf afs "1- ts\ of the perce ntage of theophylline
absorbed against e/ nde “-.‘ fcentage re I in vitro, at the
corresponding times, And ated - h n\ ion. These data imply that
the drug release profiles i Gl ogs and human under fasting
conditions and thnrse in ¥ and that theophylline release is

ﬂlﬂ mtﬂ-hmt]ll wj_(ﬂ:_-u-a n“-;icl;-'i'..' !r_._[:*,». .w\‘

1. For each of the formulation

9
ﬂ‘lJEI’WlBVl‘ﬁWMﬂ‘i
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